Livestock addiction to locoweed is commonly cited as a clinical sign of locoweed poisoning. However, there have been no physiological or pathological explanations for the reported addiction. Four hypotheses were tested to evaluate locoweed's (Astragalus lentiginosus) addictive nature: 1) animals become psychologically addicted to locoweed: 2) animals have an innate preference for locoweed 3) animals become habituated to locoweed in the sense of acquiring an acceptance or liking for it; and 4) intoxicated animals lose the ability to discriminate between feeds and eat whatever is present. Two feeding trials were conducted to evaluate these hypotheses. In 1987, 20 ewes were fed a pelleted basal feed consisting of alfalfa with 20% locoweed to induce locoweed poisoning. Five control ewes were fed pelleted alfalfa. In 1988, seven ewes were fed a basal feed consisting of alfalfa and 15% locoweed, and five control ewes were fed pelleted alfalfa. At 2-to 3-wk intervals, ewes from both trials were placed on cafeteria mals and offered a choice of four feeds (100% locoweed pellets, 15% or 20% locoweed pellets, mixed grain pellets and alfalfa pellets) to evaluate their preferences at increasing levels of intoxication. Sheep did not seek out locoweed, which would have indicated a psychological addiction. Locoweed was not innately palatable to sheep. One ewe habituated to 100% locoweed and two ewes habituated to the 1596 locoweed diet. The rest of the ewes rejected the 100% locoweed pellets and the 15% or 20% locoweed basal feed when the choice of feeds was offered, even though they were severely intoxicated. Sheep show neither initial preference nor addiction to locoweed but may acquire preference (habituation).
Introduction
Clinical signs of locoweed poisoning in livestock (Kingsbury, 1964; James et al., 1981) and in wildlife (Wolfe and Lance, 1984) include neurological disturbances, abortions, infertility and emaciation (Marsh, 1909; Mathews, 1932) . Pathological lesions of locoism have been related to these clinical signs of poisoning (Van Kampen et al.. 1978; Hartley et al., 1989) . Addiction also is commonly cited as a clinical sign of locoweed poisoning (Marsh, 1909;  Kingsbury, 1964; James et al., 1968 James et al., , 1981 Everist, 1981) ; however, no physiological or pathological explanations exist for the addiction reported from locoweed consumption. We have not obselved the reported addiction in controlled grazing trials as livestock become intoxicated (Ralphs, 1987; Ralphs et al.. 1987 Ralphs et al.. , 1988 . If animals do acquire a taste for or become addicted to locoweed, they could never be returned to rangeland infested with locoweed because they would continue to eat it until they die.
The objective of this study was to determine whether animals poisoned by locoweed become addicted to it. Several hypotheses were tested to describe the reported locophilia by intoxicated animals: 1) animals become psychologically addicted to locoweed, resulting in abnormal behavior in seeking out the plant; 2) locoweed is a palatable feed and innately preferred by livestock; 3) animals develop a habit of eating locoweed (habituation); not in the sense of a drug dependency, but by acquiring a taste or liking of it from repeated use; and 4) animals poisoned by locoweed lose their ability to discriminate between feeds and eat whatever is present. I (1987) . Twenty-five crossbred ewes were assigned randomly to five groups of five ewes per group. Group 1 (control) was maintained on a diet of 100% alfalfa pellets. Groups 2 through 5 were fed a pelleted feed composed of 20% locoweed and 80% alfalfa. Swainsonine, the toxic alkaloid in locoweed, was .014% of the dry weight of the locoweed.
Materials and Methods

Trial
At the end of the 3rd wk on feed, Groups 1 and 2 were taken off the basal rations and subjected to a 5-d cafeteria trial. At subsequent 2-wk intervals, Groups 3 to 5 were taken off the 20% locoweed ration and subjected to cafeteria trials. For the cafeteria trials, the ewes were placed in individual metabolism crates and offered simultaneously a choice of four pelleted feeds: alfalfa pellets, mixed grain pellets (commercial 32% protein mix, consisting of corn, barley, wheat bran and soybean meal), the 20% locoweed basal feed and 100% locoweed pellets. Rows of metabolism crates faced each other and sheep were visible through the feed bunk on each side. No apparent mess or anxiety was observed from individual penning of the sheep.
Sheep were fed each morning between 0700 and 0800 and again between 1500 and 1600 for five consecutive days. Each feed was weighed and offered in separate containers. Sufficient feed was placed in each container so that feed would not be depleted and force sheep to eat other feeds. Feed remaining from the previous feeding was weighed to determine amount consumed, and the containers were refilled. The location of the containers in the feed bunk was randomized at each feeding.
At the end of the respective cafeteria trials, each group was taken off the 208 locoweed diet and placed on a long-stem alfalfa hay diet for a 90-d recovery period. Animals taken off locoweed feed before clinical signs of poisoning become severe generally will recover (Van Kampen and James, 1970) . Following the 90-d recovery period, Groups 1, 4 and 5 again were subjected to cafeteria mals to determine residual feed preferences. These ewes were offered the same choices and amounts as in the initial cafeteria trials.
Data from the 1987 mal were analyzed in two parts. The first tested feed preferences as a result of duration on the locoweed diet. The control group represented 0 time fed locoweed, and Groups 2 through 5 represented 3, 5.7 and 9 wk of consuming the locoweed diet, respectively. ' The second part of the mal compared feed intake of Groups 1, 4 and 5 after the 90-d recovery period to determine whether residual feed preferences were detectable. Data from each part were analyzed by analysis of variance (ANOVA) in a split-split plot design. Animals-within-groups was used as the error term to test for differences among groups (weeks on the locoweed diet). Feed intake and the group x feed interaction was tested by the feed x animal-within-group interaction. Mean feed intake was separated by Fisher's least significant difference (LSD) test following a significant F-test (P < .05). Because there was a significant group x feed interaction (P = .0001), the model was reduced and feeds were analyzed separately to compare changes in feed intake over time. In the reduced model, animals-within-groups was used as the error term to test for differences among groups. Days on the cafeteria mal, group x day and animals-within-groups were tested by the residual error. Orthogonal contrasts were generated where F-tests were significant (P < .05) to describe feed intake over time.
The following hypotheses were tested by specific effects and interactions in the AN-OVA. 1) Addiction would be evident if ewes exhibited a searching behavior for the locoweed when the feed containers were returned to the feed bunk; this was a qualitative assessment and all ewes were observed for such behavior. 2) Innate preference for locoweed would be exhibited by higher consumption of locoweed than other feeds but no difference between groups in locoweed consumption as determined in the full ANOVA model. 3) Habituation to locoweed would have been manifest in rejection or low levels of consumption at first, but increasing consumption over time. This would have been determined by a significant group effect in the reduced ANOVA model and a significant orthogonal polynomial indicating an increase in locoweed consumption over time. 4) Loss of ability to discriminate between feeds would result in equal consumption of all feeds due to the random placement of feed containers. This would be determined by a nonsignificant feed effect in the full ANOVA model or a significant feed x group interaction indicating equal consumption of all feeds in the more intoxicated groups. Trial 2 (1988). Twelve crossbred ewes were assigned randomly to two groups: control (n = 5) and loco (n = 7). The control group was maintained on a 100% alfalfa pelleted diet. The loco group was maintained on a basal 15% locoweed and 85% alfalfa pelleted feed. The locoweed content in the basal feed was reduced from the previous year to enhance consumption of the basal locoweed diet. Subsequently, the length of the mal was extended to obtain the same level of intoxication as in Trial 1. The swainsonine content of locoweed was .042%. The two groups were placed on 4-d cafeteria trials (same selection as in Trial 1) at the beginning of the trial and at 3-wk intervals for 18 wk. Following 60 d and again at 120 d of recovery, both groups were returned to the cafeteria trials to assess residual preferences for locoweed. The hypotheses were tested by the same procedures as those described in Trial 1.
Intake data were analyzed by repeated measures ANOVA in a split-strip plot design. Animal-within-group was used as the error term to determine differences between treatment groups. Feeds and feed x group were tested by the feed x animal-within-group interaction. Weeks, week x group, feed x week and group x feed x week interactions were tested by the week x feed x animal-withingroup interaction. Means of feed intake were separated by Fisher's least significant difference (LSD) test following a significant F-test (P e .OS). The model was reduced and data were analyzed for groups and feed separately to determine differences in feed intake over weeks. In the reduced model, differences among weeks and animals were tested by the week x animal interaction. Days of the cafeteria trial. day x animal, day x week and week x animal interactions were tested by the residual error. Where F-tests for weeks were significant (P < .05), orthogonal polynomials were generated to describe intake of individual feeds during the initial 18-wk feeding trial. Linear contrasts were conducted between wk 18 and 27 and between wk 18 and 36 to determine residual preferences following the recovery periods.
Jugular blood samples were drawn from both loco and control ewes in 1988 during each of the cafeteria trials. Blood parameters measured included red blood cell count (RBC), packed cell volume (PCV), white blood cell count (WBC) and aspartate aminotransferase (AST). Blood parameters were analyzed by repeated measures ANOVA in a split-plot design. Differences between groups were tested by the animal-within-group interaction. Differences among weeks and the group x week interaction were tested by the residual error.
Ewes were observed in the cafeteria trials and during handling for abnormal signs of nervousness that generally accompany locoweed poisoning.
Results
Trial I (1987) . lntakes for the 100% and 20% locoweed feeds were less (P < .05) than for the other feeds (Table 1) . Differences in intake of the 1 0 0 % and 20% locoweed pellets over weeks were not significant (P = .29 and P = .52, respectively). There were, however, differences in the amount of locoweed consumed among individual animals within groups (P < .02). Ewes in Groups 1, 2 and 3 consumed different amounts of the 20% locoweed pellets (Table 2) . High standard errors relative to the mean indicate a large variation in daily locoweed intake among individual ewes. Where standard errors are nearly equal to the mean, ewes sampled locoweed only once or twice. Intake of the 100% locoweed pellets was minimal until wk 7, when ewe 05 in Group 4 consumed 162 g. In wk 9. two ewes in Group 5 consumed substantial amounts of 100% and 20% locoweed pellets (Table 2 ). Although locoweed intake was not significantly higher than in previous weeks, it still made up a substantial proportion of the total intake (mean total intake during the 9-wk cafeteria trial was only .3 kg/d; Table 3 ). Ewe 50 consumed 100% locoweed for 89% of her diet: ewe 99 consumed 100% locoweed for 21% and the 20% locoweed pellet for 12% of her diet. These two ewes died during the recovery period. a~bsMeans w i h superscripts not followed by the same lctter differ significantly (P < ,051 dTotal intake of both loco and control groups exhibited a significant ( P < .OS) quadratic response across weeks during cafeteria trials. Group means differ significantly at wmks designated (+P < .lo, * P < .05. **P < .01).
There was no difference among groups in consumption of either the 100% or 20% locoweed pellet after the 90-d recovery ( P > .16). The 100% locoweed pellet was not consumed. Significant differences were observed among animals within groups for intake of the 20% locoweed pellet ( P = .0001). Ewes in Groups 1 and 4 did not consume the 20% locoweed pellet. One of the three remaining ewes (83) in Group 5 consumed the 20% locoweed pellet for 28% of her diet. The other two ewes in Group 5 essentially refused the 20% I locoweed feed.
Alfalfa was preferred by all groups in the cafeteria trials (Table 1) . Grain consumption was intermediate. There was a significant day effect for intake of grain and alfalfa pellets ( P < .02). Grain intake was fairly high (400 gld) for the first 2 d of the cafeteria trials, then declined to 170 gld. Alfalfa intake increased as grain decreased over time.
Trial 2 (1988) . Intake of the 100% and 15% locoweed pellets again was less (P = .0001) than intake of grain and alfalfa (Table 1) . 100% locoweed was not consumed by the control or loco groups throughout the 1988 trials. The control group ate less than 10 g/d of the 15% locoweed pellet. The increaye in consumption of the 15% locoweed pellet over time in the loco group was not significant ( P = S5); however, there was a significant week x animal interaction (P = .mol, Table 4 ). Ewes 54 and 57 consumed the 1% locoweed pellets for 26% and 16% of their diets during wk 15 and increased consumption to 72% and 99% of their respective diets on wk 18. Ewe 57 died during the 18-wk cafeteria mal. The other five ewes did not consume appreciable amounts of the 15% locoweed pellet.
Following 60 d of recovery, ewe 54 consumed the 15% locoweed pellet for 44% of her diet. However, after 120 d of recovery, it dropped to 2% of her diet. The other ewes did not consume appreciable amounts of the basal 15% locoweed pellet in either recovery cafeteria mal.
Grain consumption in the control group was about double that of the loco group (473 gld vs 225 gld, respectively, P = .002). Grain consumption declined linearly ( P = .002) in the control group and quadratically (P = .0001) in the loco group over weeks on the mal. There also was a day effect for grain and alfalfa intake (P < .05). Grain consumption generally was high the first 2 d of the cafeteria trials but dropped about 50% for the remainder of the mal. The grain mix was included in the cafeteria trials as a highly palatable feed, but consumption of grain during the first 2 d caused intestinal upset and scouring. These short cafeteria trials did not allow sheep to adjust to the grain. With repeated scouring at the beginning of each trial, sheep apparently formed an aversion to the grain as evidenced by the continued decline in grain intake over the trial. Alfalfa intake increased as grain consumption declined within each cafeteria mal. Alfalfa composed the bulk of the diets in both groups. Blood chemistry analysis revealed that RBC, PCV and WBC were not affected by the locoweed feeding treatment. However, AST values were 2 to 3 times higher in the loco-fed group (P = .007). Levels of AST increased after 3 wk in the loco-fed group and remained above 300 throughout the time ewes were fed the locoweed basal ration (Figure 1) . Ewe 57, which died during the 18-wk cafeteria mal, had an AST value of 905. After the 60-d recovery period, AST levels returned to the level of the control ewes. Levels of AST have been shown to increase markedly as locoweed intoxication and subsequent hepatic damage progresses (James et al., 1981) . Marked signs of neurological damage were evident by wk 15 in ewes on the basal locoweed ration. Sheep were depressed and walked with a stiff, uncertain gait. They exhibited an unusual nervousness and shaking of the head when handled or stressed. These clinical signs of locoweed poisoning were still evident after 120 d of recovery.
Discussion
Intake of ewes fed the 15% and 20% bdSd locoweed declined in the intervals between trials as the ewes became intoxicated (Table   3 ). Total intake of these groups also declined in the cafeteria trials as intoxication progressed. Live weight of several ewes in the loco group declined after 12 to 15 wk, whereas control ewes continued to gain weight in 1988 (Figure 2 ). Raa fed a locoweed diet also exhibited depressed weight gains (Nelson et al., 1980) . Depression from locoweed poisoning may affect appetite. Van Kampen et al. (1978) suggested that vacuolar lesions in the liver, parathyroid, pancreas and thyroid also may affect the assimilation and metabolism of food. Degeneration of neurons in autonomic ganglia of the gut may impair intestinal motility, further reducing digestion and passage of feed. The combined effects of reduced intake, digestion and assimilation of feed may be responsible for the emaciation associated with locoweed poisoning. What influence reduced intake may have on the reported addiction to locoweed is not known.
Ewes in this study did not become addicted to locoweed as intoxication increased. There was no searching activity or seeking locoweed when the feed containers were replaced following weighing. Thus, we rejected the addiction hypothesis. Physiological dependence is not evident in locoweed poisoning because withdrawal symptoms (as in withdrawal from a narcotic) have never been observed when animals are taken off locoweed diets (L. F. James, personal observation).
There was not an innate preference for the locoweed fed in this trial. Locoweed was rejected by all sheep in the initial cafeteria mals. Thus, we rejected the initial preference hypothesis.
The habituation or acquired preference hypothesis cannot be rejected. One ewe in the 9-wk group in 1987 selected the 100% locoweed pellet for 89% of her diet, although her total intake was very low. This may have been an individual preference or it may have been a manifestation of the habituation to locoweed reported in severely intoxicated animals. This ewe eventually died. Two ewes acquired a preference for the basal 15% locoweed pellet in 1988. One of these ewes died; the other maintained an acceptance for the 15% locoweed pellet after 60 d of recovery, but rejected it when a choice was offered after 120 d. The other five ewes rejected the basal 15% locoweed feed when a choice was offered, although all had elevated AST values and exhibited clinical signs of locoweed poisoning.
The discrimination hypothesis was also rejected. Intoxicated animals did not lose their 100
